Objective: To create, administer, and psychometrically examine a survey to measure two new organizational culture factors -preoccupation with failure and adherence to shared baselines -in healthcare settings. Method: Direct care providers (n ¼ 4484) from a large healthcare system in the Southern United States completed a survey as part of their annual safety culture assessment. Results: We provide evidence about the internal consistency (Cronbach's alpha ranged from .80 to .89) factor structure, concurrent validity (correlation with overall patient safety grade ranged from .60 to .67, p < .05), and discriminant validity (correlations less than .85 with safety and teamwork culture) of these two factors. Conclusions: We established evidence for internal consistency and validity of two new factors that measure aspects of organizational culture -preoccupation with failure and adherence to shared baselines -that are distinct from safety culture and teamwork culture.
These five principles or factors are: (1) sensitivity to operations, (2) reluctance to simplify, (3) preoccupation with failure, (4) deference to expertise, and (5) resilience. 5 Sammer et al. 6 recently reviewed the patient safety culture literature and highlighted the processes that help organizations "achieve high reliability."
The authors identified three studies that focused on organizations with high reliability/zero defects, [7] [8] [9] but none of these three articles measured high reliability explicitly. Only one study was identified via PubMed as measuring any constructs related to high reliability. In that study, Vogus et al. created the Safety Organizing Scale (SOS), a nine-item survey, that measures safety culture through the lens of the five HRO dimensions. 10 While parsimonious, this instrument provides little depth within dimensions (i.e. too few items per dimension), making translation to interventions difficult. The Agency for Healthcare Research and Quality 11 promotes steps organizations might take to achieve high reliability. However, there is a lack of practical tools to assess and improve high reliability behaviors.
Given the complexity and distinctiveness of each HRO factor, we decided to focus on measuring one of these factors -preoccupation with failure -along with a construct that we posit to be related to the general concept of HROs -adherence to shared baselines. We focused on adherence to shared baselines because reduction of variability and standardization of clinical work processes through the establishment and management of shared baselines has been a key ingredient of organizations that provide high-quality care (e.g. Intermountain Healthcare). [12] [13] [14] Many current efforts to reduce patient safety risks attempt to increase the reliability and decrease the variability of care delivery through caregiver adherence to shared baselines. We reasoned that if adherence to shared baselines helps reduce variability and thereby increase reliability, the construct of adherence to shared baselines should be related to high reliability. In sum, our goal was to address an important research gap in the literature by (1) creating survey items to measure one traditional HRO factor-preoccupation with failure -along with one new and complementary factor -adherence to shared baselines and (2) assess the reliability and validity of these survey items.
Methods

Participants
We invited direct care providers from 13 hospitals within a large hospital system in the Southern United States to complete our survey. The hospitals included a large tertiary care teaching hospital, small community hospitals, and large urban hospitals. Of 10,927 direct care providers, 4484 completed the survey (41% response rate across the system). We used listwise deletion to handle missing data, resulting in a usable sample size of 3310 participants who provided answers to all survey items. IRB approval was obtained prior to initiating data collection. The survey was anonymous, administered via Survey Monkey and contained no incentives for participants. All direct care providers were sent an email with a link to the electronic survey twice during a six-week timeframe, and the link was also posted on the hospital system's intranet website.
Measures
Survey items assessed safety culture, teamwork culture, overall patient safety grade, preoccupation with failure, adherence to shared baselines, and demographics. We used the safety culture and teamwork culture survey items from the Safety Attitudes Questionnaire 15 so we could examine their associations with our two new factors. All culture survey items were measured on a fivepoint Likert-type scale, where 1 ¼ disagree strongly and 5 ¼ agree strongly. Participants were asked to grade their unit on patient safety from A ¼ Excellent to E ¼ Failing using the one-item measure from AHRQ's Hospital Survey on Patient Safety Culture. 16 We created survey items to measure preoccupation with failure and adherence to shared baselines. Given that this study was conducted as part of the system's annual safety culture survey of all employees, we were limited in the amount of additional survey items we could include and therefore did not try to measure all of the HRO factors discussed by Weick and Sutcliffe. Additionally, we focused on these two factors because some of the other HRO factors appeared to be quite difficult to measure via survey methodology.
Three patient safety experts -a neonatologist (JP), a general internist (ET), and a psychometrician (JE) -jointly created four initial survey items to measure each of these two factors. The development process consisted of initially reviewing definitions from Weick and Sutcliffe 5 and then iteratively developing items through face-to-face meetings and email to determine the best way to measure these constructs. We then asked 19 employees to pilot test these new items and provide input about anything that was unclear, confusing, or difficult to understand. Based on their comments, we revised the items.
Statistical analysis
We conducted a confirmatory factor analysis (CFA) instead of an exploratory factor analysis for our two new factors -preoccupation with failure and adherence to shared baselines -to provide evidence for the factor structure of our survey because we had a priori hypotheses about which items should correspond with which scales. The CFA results contain statistical and practical aspects of model fit, 17 including the v 2 /df ratio, TuckerLewis Index (TLI), 18 comparative fit index (CFI), 19 and the root mean square error of approximation (RMSEA). 20 Model fit is considered good when v 2 /df ratio is less than three, TLI and CFI values are greater than .90, and RMSEA values are .05 or less. 21, 22 We assessed internal consistency of each scale with Cronbach's alpha, which should be greater than .70.
We then computed correlations between our two new culture factors and safety culture, teamwork culture, and overall patient safety grade at the unit level. We applied the Bonferroni correction when interpreting the significance of the correlational results to guard against Type I errors (i.e. finding an association when none exists). Our goal with these correlations was to estimate two types of validity -discriminant and concurrent -for the new factors. Discriminant validity allows us to have confidence that our factors of interest are not correlated too highly with other factors and therefore measure different content than those factors. Correlations less than .85 between factors are indicative of discriminant validity, which indicates that different constructs provide non-redundant information. 23 We establish concurrent validity when our factors (i.e. preoccupation with failure and adherence to shared baselines) are significantly related to an important outcome, such as overall patient safety grade. Table 1 contains demographic information about study participants. More than three-quarters of the participants were women. Nurses were the most common participant, followed by patient care assistants and therapists. Seventy percent of the participants have worked in their specialty for five or more years and 80% work more than 70 h during each pay period. 
Results
Study participants
Descriptive statistics for survey items
CFA results
The CFA results for both new culture factors are shown in Table 3 . We first tested initial models separately for preoccupation with failure and adherence to shared baselines. Given that model fit was not perfect, we then examined suggested revisions possible to the model based on the results from the initial model. We examined a revised model for preoccupation with failure that allowed the first two items to covary because both items focused on similar content, namely "hazards." We made a similar revision to the adherence to shared baselines model by allowing the second and fourth items to covary because they appeared to measure similar content (i.e. tracking/documenting guidelines). While the initial models provided mixed fit results for each of the high reliability culture factors, the revised models indicated significantly better fit. All revised models had improved fit from the initial models based on significant (p < .05) changes in Chi-square and improved RMSEA, CFI, and TLI values.
Internal consistency and correlational results
Cronbach's alpha estimates for all three high reliability culture principles were greater than .7, indicating good internal consistency (preoccupation with failure ¼ .80; adherence to shared baselines ¼ .89). Table 4 contains bivariate correlations between the different types of culture and overall patient safety grade at the unit level. All correlations among preoccupation with failure and adherence to shared baselines with safety culture and teamwork culture were less than .85 (ranging from r ¼ .61, p < .05 to r ¼ .75, p < .05), indicating support for discriminant validity. All types of culture were significantly correlated with overall patient safety grade, with preoccupation with failure being the strongest predictor (r ¼ .67 and .66, p < .05, respectively), Scores by type of culture Table 5 Table 5 show that there is variability across the different types of culture we measured within this healthcare system.
Discussion
Much has been discussed about HROs in other industries, and this study represents one of the first attempts of which we are aware to measure a specific HRO factor as postulated by Weick and Sutcliffe in a healthcare setting. We discovered that our survey items measured two cultural factors -preoccupation with failure and adherence to shared baselines -that had acceptable internal consistency and evidence for discriminant validity. Additionally, both cultural factors were significantly correlated with overall patient safety grade (concurrent validity). Interestingly, preoccupation with failure was a stronger predictor of patient safety grade than safety culture and teamwork culture. This study is important because clinicians and patient safety leaders can use our survey tool to begin assessing these new aspects of culture in their hospitals or work units. Similar to previous culture work we have completed, 23 these factors can be used as standalone surveys or added to existing safety culture tools. Consistent with our work with the SAQ, 23, 24 we specifically designed the questions for this instrument so that it can be applied at the individual, the unit, and the hospital level. The high correlation with patient safety grade is of note. In combination with its ability to discriminate from other culture constructs, our new cultural factors add complementary and actionable information. For example, improvement in the shared baselines dimension might be accomplished by creating relevant monitoring systems based on item-level scores to the Adherence to Shared Baselines items. Preoccupation with failure might be improved by implementing a tool from the Comprehensive Unit- based Safety Program, called Learning from Defects, which tasks a dedicated caregiver with identifying, remedying, and providing staff feedback on potential patient safety hazards. 25, 26 Our survey provides practitioners with the opportunity to formally test such interventions. Given the lack of evidence, such efforts should be undertaken in ways that allow careful evaluation of their impact, and results should disseminated. Finally, the hospital-level results in Table 5 serve two purposes. From a research perspective, we can see that there is variability across the types of culture, which supports the notion that we are measuring different types of culture. Otherwise, we would expect all of the scores within a hospital to be the same across all types of culture. From a practical perspective, the percent positive results allow hospitals to know where they want to focus improvement efforts. For example, Hospitals A and I might focus on improving their Adherence score, while Hospitals B and D might focus on Preoccupation with Failure.
One limitation of our study is that all data came from one hospital system and we are not able to generalize our results beyond this system. Second, all data are based on provider perceptions, including the overall patient safety grade variable that we treated as an outcome. This, however, is congruent with current efforts at measuring unit or hospital culture and rooted in the field of aviation. 15 Third, we do not know the demographics of those who did not respond. Fourth, we used listwise deletion as opposed to data imputation. Finally, we initially attempted to create items for each of these five dimensions and found it difficult to do so. It is possible that some aspects of HROs are better measured in ways other than via surveys.
Much work remains to be done in the area of high reliability as it pertains to patient safety. Based on the high means and low standard deviations of the first two preoccupation with failure items, these items need to be either revised or additional items need to be created to measure preoccupation with failure. Additionally, research needs to demonstrate that these cultural factors are correlated with clinical outcomes or other measures of hospital performance. Finally, future studies are needed to test new survey items that assess additional principles of high reliability culture, including sensitivity to operations, resilience, reluctance to simplify, and deference to expertise, to the extent that it is possible to create meaningful items for these dimensions. The concept of HROs is becoming increasingly mentioned in the healthcare arena as a way for hospitals to continuously provide safe services. 3, 11 We created and tested one of the first surveys to measure one specific aspect and one complementary aspect of HROs in healthcare settings and found initial evidence for the reliability and validity of our survey. Our results provide an initial but promising step on the research path to understanding high reliability culture in healthcare.
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